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EFFECTS OF FENCES,  I;EADING-EDGE 

CONFIGURATION AT TRANSONIC SPEEDS 

By momas L. Fischet t i  

Tests have been made to  obtain  the longi-hxdlaal stabilitg character- 
i s t i c s  of a twisted and cambered 60° sweptback-wing-indented-body con- 
figuration with and without  fences, leading-edge chord-extensions, 
boundary-layer ramps, and traixng-edge f laps  a t  Mach riders generally 
from 0.6 to 1.14. 

The variation of pitching moment w i t h  lift for  the basic configura- 
t ion was undesirable a t  lift coefficients from 0.2..to 0.5 and indicated 
a large  unstable  break a t  a lift coefficient of approximately 0.5 through- 
out  the Mach  mmiber range. The addition of fences a t  and 75 percent 
of the wing semispan  extended the usable  l if t-coefficient range to 
approximately  a l i f t  coefficient of 0.6 over the Mach  nuuiber range ' 
tested. Leading-edge chord-extensions h8d only small effects  on the 
longitudinal  stability. Boundary-layer ramps (which w e r e  tested only 
a t  a mch number of 0.60) improved the stability at  moderate lift coef- 
f ic ien ts  but caused the large  unstable break t o  occur  earlier. Partial- 
span trailing-edge  flaps (which were also teated a t  only 0.60 Mach num- 
ber) delayed the large  unstable break t o  a lift coefficient of 0.7 fop 
the  basic  configuration and a lift coefficient of 0.8 for  the configura- 
tions  with  fences and leadingedge chord-extensions. 

Ekceptionally 
sonic speeds fo r  a 

high l i f t -drag  ra t ios  have  been obtained a t  tres- 
moderately high aspect  ratio twisted and carbered 
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60° sweptback-wing-indented-body- configuration  (ref. 1). However,  con- 
figurations  with  wings of large sweep  and  moderate  or high aspect  ratios s 

genera-  have  poor  longitudinal  stability  characteristics.  For  example, 
reference 2 shows  that,  for a wing-body  configuration  having a w i n g  of 
approximately  the aame sweep  and  plan  form as the wing of reference 1, 
the  variations  of  pitching  moment  with  lift  at low speeds  were  undesira- 
ble  at  moderate  lifts and indicated a large unstable  break  at a lift 
coefficient of about 0.75. Before  practical  use  can  be  made of the  con- 
figuration  described in reference 1, it- will be  necessary to improve 
these  characteristics. 

References 2 and 3 showed  that  appreciable  htprovement in the  mod- 
erate  lift-coefficient-range  could  be  obtained with fences  and  that 
trailing-edge flaps delayed  the large unstable  break i n  the mment curve. 
Other  low-speed  investigations  (ref s .  4 and 5) of' highly swept wings, 
which  were  not  twisted  and  carribera,  have  indicated  the  effectiveneas 
of leadingedge  chord-extensions  in  delaflng the unstable  break  in  the 
moment c m .  

Fences,  leading-edge  chord-extensions,  boundary-layer  ramps,  and 
trailing-edge  flaps  have  been tes ted  on the  same  wing-indented-body 
configuration  used in reference 1. The data reported  herein  were 
obtained over a Mach  nmiber range from.0.60 to 1.14 and  an  angle-of- 
attack  range  which  generally  varied f r o m  10 to 170 for  the  basic  con- 
figuration and the  configurations  with  fences and leading-edge  chord- 
extensions.  For  the  configurations  with  either  boundary-layer ramps or 
trailing-edge  flaps,  the  Mach  nuuiber  range was limited  to 0.60. The 
Reynolds rider based on the mean aerodynamic  chord  varied  from e 

2.2 x 106 to 2.8 x lo6. 
w 

APPARATUS AND METHODS 

Tunnels 

The  aeroaynamlc  characteristics in pitch of the basic  configura- 
tion  were  obtained in the Langley 8-foot transonic  pressure  twanel. 
The remlnder of the  tests  were  conducted  at a later  date in the 
Langley 8-foot  transonic  tunnel.  Both  facilities are single-return tun- 
nels  having  slotted test sections  which allow testing  through  the  speed 
of sound  without  the usual effects of choking  and  blockage.  The  teste 
were  conducted  at  atmospheric  stagnation  pressures. 
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Configurations 
II 

The  basic w3ng-body configuration  uaed in these  tests had a w i n g  
wtth 60' sweep of the  quarter  chord, an aspect  ratio of 4, and a taper 
ratio of 0.333. The wing was tKisted and cankered t o '  approximate a 
uniform  load  at a Ilft coefficient  of 0.25 and a Mach  nuuiber of 1.4. 
The wing  had  64A-serie's a i r f o i l  sections  with a thicbness  distributfon 
wbich  varied from 12 percent  at the root to 6 percent  at 50 percent  of 
the  semispan  and  then  remained  constant  at 6 percent  to  the  tip  (fig. 1). 
The  body  was  indented for a Mach  nuuiber of 1.4 according to a super- 
sonic  area  rule. This concept,  along  with  more  details  of  the wing  and 
the  coordinates for the wing and body, has been  presented in reference 1. 
A photograph  of  the  basic  configuration in the Langley &foot  transonic 
pressure  tunnel  is  shown  in  figure 2. A drawing of the  basic  configura- 
tion  is  presented  in  figure 3 .  

Fences  were  located  at  and 75 percent of tbe  wing semispan on 
both w i n g  panels  and  were  contoured  to follow a n  approximation  of  the 
stream flow over  the wLng at  the  design  condition.  The  fences  extended 
slightly  beyond  the  leading  and  trailing  edges of the  wing and had a 
constant  height of 6 percent  of  the  chord  above  the  wing  surface  except 
for  portions  of  the  leading and trailing  edges.  Details of the  fences 
are  given in figure 3. 

The  leading-edge  chord-extension  configuration was composed of t m  
chord-extensions havlng their inboard locations  at 55 and 80 percent of 
the wing semispan on both  wing panels. The  extensions  were  formed by 

I extending  the  mean  camber  line 15 percent  of  the l o c a l  chord forward of 
the  wing  leading  edge at the Inboard locations  and  then  taperlng  in 
plan form to zero  extension  at 80 and 100 percent of the wing semispan. 

wing except in the  region f r o m  the wing leading  edge  to  the wing maxfmum 
thickness  where  the  thickness  distribution was modified  slightly to pro- 
vide a smooth  fairing  (fig. 3) .  

- The  chord-extensions had the sane thiclmess  distribution as the  basic 

Consideration of the flow Over a highly  swept  wing has led to the 
design of a boundary-layer ramp as shown in figure 3. The purpose  of 
this ramp is to force  the low enera air  in  the  boiihdary laye off the 
wing surface Fn order  to  allow  it to mix with  the  higher  energy a h  i n  
the  stream.  It  is  believed that this mixing wouldbe conducive  to improved 
flow over the  remainder  of  the wing surface. In t h i s  manner, the action 
of the ramps is similar  to  that  of vortex generators  (ref. 3 ) .  However, 
the  effect of the  mixing  action  of  the ramps would be felt  over  the  entire 
chord  rather than over a small portion of the  chord  as  is  the  case with 
vortex  generators. As investigated,  the  ramps  were  wedge  shaped in cross 
section  and  were  located  at  each 10 percent of the  span f r o m  k-0 percent 
of the wing semispan to  the  tip on both wing panels.  The ramps extended 
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from  leading  edge to trailing  eage and the  vertical  face  was  contoured 
to the  calculated  stream flow over  the  wing  in  the same manner  as  for 
the  fences. 

The  trailing-edge flaps had chords  of 0.20 of the wing chord  and 
were  located  with  their  hinge  lines  coincident w i t h  the wing trailing 
edge.  The flaps extended from approximately 1l percent  to 41 percent 
of  the wing semispan on both wlng panels and were deflected 45O as 
measured from the lower surface of the wing trailing  edge  in a plane 
perpendicular  to  tbe wing trailing  edge  (fig. 3). 

Tests 

The model was attached to a sting support system by means of an 
electrical  strain-gage  balance.  Lift,  drag,  and  pitching-moment  coef- 
ficients  have  been  determined  about a pofnt on the  body axis being at 
the same longitudinal  posftion  as  the  quarter-chord  point of the mean 
aemdpamic chord. For, the bask configuration  and the configurations 
with fences and leading-edge  chord-extensions,  tests  were  conducted 
over a Mach  nurnber  range  which  varied from 0.60 to 1.14. For the con- 
figuration  with  boundary-layer  ramps and for  the  trailing-edge  flaps 
In conibFnation  with  either  the  basic  configuration  or  the  configurations 
with  fences  and  leading-edge  chord-extensions,  the  testa  were limited 
to a Mach  number  of 0.60. The  angle of attack was mzasured  by a 
pendulum-type  inclinometer  and  generally  varied f r o m  lo to 170 but in 
some  cases  was  as  high as 1.90. The Reynolds rider based on a man 
aerodynamic  chord of 6.5 inches  varied from 2.2 x 106 to 2.8 X lo6. 

Accuracy 

based  on  balance  design was kO.002 and fO.W3, respectively.  Because 
of difficulties  with the electrical  strain-gage  balance.,  the  accuracy 
of the drag data was believed to be  impaired a d  therefore  is not pre- 
sented. The accuracy of the  measured angle of attack  is  believed  to  be 
better than 20.150. Unpublished  results  have  indicated that the  local 
deviations f r o m  the  average  free-stream  Mach  number  in  the region of 
the model in the  Langley  8-foot  transonic  pressure  tunnel  for the Mach 
nwibers of this..  investigation  are  .essentially no higher than those 
reported  for  the  Langley 8-foot transonic tunnel in  reference 6 in 
which  the  deviation  at  subsonic  Mach  nunibers was 0.003 with  an  increase 
to 0.010 at a Mach  number of 1.13. The data presented are essentially 
free of boundary-reflected  disturbances. 

The accuracy of the  measured  lift and pitchTng-moment  coefficients 

-. - 
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The  variation of pitchin@;-moment  coefficient with lift  coefficient 
for  the  basic  configuration and the configurations with fences and chord- 
ex-tensions  for  the various test Mach nunibers  is  presented  in  figure k(a). 
The free-stream  Mach  nuaiber  is  designated in the  figures by the letter M. 
For the basic  configuration,  nonlinearities  occurred in the lift- 
coefficient  range  of  approximately 0.2 to 0.5 over  the  entire Mach nun- 
ber  range.  Increasing the Mach  nunher reduced the abruptness of the 
nonlinearities  and  at  the  higher  Mach  nuribers  delayed  them to slightly 
higher lift coefficients.  These  nonlinearities  are  indicative of large 
mvements of the  aerodynsslic-center  location.  Because of these non- 
linearities,  there  is a forward mvement of  the  aerodynamic  center  of 
approximately 24 percent of the  mean  aerodynamic  chord  at a Mach num- 
ber of 0.60 and lift-coefficient  range of 0 to 0.35. With an increase 
to a lift  coefficient of about 0.45, there  is an approximately  equal 
movement  rearward. For a lift  coefficient  above 0.3, the  moment  curve 
shows that there  is  another  unstable  break W c h  is of a large magnitude. 
This large unstable  break  occurred  at  approxbately the same lift  coef- 
ficient  throughout  the  Mach  number  range. 

It will be  noted  that the variation  of  angle of attack with lift 
coefficient  (fig.  4(b) ) for Mach  nuuibers  of 0.60 to 1.03 shows a non- 
linearity  in  the  regions of instability  indicated in figure &(a). For 

curve  slope in the  unstable region of approximately 0.20 to 0.35 lift 
coefficient and an increase in the  stable  region of 0.35 to 0.50 
(figs.  &(a) and (b)). Figure  4(b) also indicates that a large decrease 
in lift-cunre  slope  occurs  aboye  the lift coefficient  corresponding to 
the  large  unstable  break  in the moment curve. 

. a Mach  nuuiber  of 0.60, this nonlinearity  amacmts to a decrease in lift- 

The similarity of the  variations in pitching  mmnent with lift for 
the  basic  configuration of t h i s  test and the configuration  of  refer- 
ence 2 which w a s  tested  at low speeds  is an indication of the existence 
of a similar flow phenomenon  over  both wings. The pressure  distributions 
over the wing reported in reference 2 showed  that the nonlinearities Fn 
the  pitching-moment  characteristics  at  moderate  lift  coefficients  are due 
to a decrease Fn lift-curve  slope  at  the  outboard  sections and the  subse- 
quent  increase in lift-curve slope on the  sections fnboard of the  tip- 
SFmilarly, the  early  Fnskbilities  noted in figure &(a) are due to  the 
decrease in lift-curve  slope  and  the  stable  tendencies  at the higher 
lift  coefficients  are  due to the subsequent  increase  in  lift-cunre  slope. 
It  is  believed  that  the  decrease in lift-curve  slope  over  the  outboard - sections  is  associated  with  the  start of outflow  of  the  boundary hyer - .. . - 
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in  the  wing-trailing-edge region. The  subsequent  increases of lift- 
curve  slope  are  associated with the  buildup of a leading-edge  separation 
vortex.  Reference 2 shows  that  the  large  unstable  break in the  pitching 
moment  occurred  when  flow  separation  at  the wing tip  spread  inboard. 
For a 6-percent-thick 45O sweptback wing, reference 7 showed  that R 
leading-edge  separation vortex has a predominant  influence  on  the  upper- 
surface  flow  at  Mach  numbers up to 0.80 and that  at  higher  Mach  numbers 
shocks  have a predominant  influence  on  the f l o w .  Since  the  configura- 
tion of the  present  investigation has a wing with 60° of  sweep  and a 
body  which has been  indented  to  reduce  the  intensity of shock disturb- 
ances,  the  Mach nurriber at which shocks  become  important is probably 
hfgher than shown  in  reference 7 and  may be near a Mach  nurdber  of 1.0. 
Thus, the  low-speed  results of reference 2 @re probably  applicable  up 
to Mach  nmibers  somewhat-less than 1.0. 

Effect  of  Fences 

The addition of fences a t  50 and 75 percent of the wing semispan 
resulted  in an hprovement in the  FnstabiliQ  at  moderate  lift  coeffi- 
cients  and a delay  in  the large unstable  break  (fig.  4(a) ). The over-all 
effect  of  the  addition  of  fences was that  the  usable  lift  range for this 
configuration was increased  to a lift  coefficient of approximately 0.60 
f r o m  a Mach  nuniber of 0.60 to 1.14. The  effectiveness of the  fences  is 
shown in  reference 2 to  be  directly  attributable to their  ability to allow 
the tip  sections  to maintab lift  to  high angle$ of  attack.  Figure 4(b) 
shows that adding the  fences  resulted  in a decrease  in the nonlinearity 
of the  lift  curves  at-moderate  lift  coefficients  and  in an increase  in 
lift  coefficient  at high angles,  as  would  be  expected. 

meet of Leading-Edge  Chord-Ektensions 

Adding  either  1.5-percent  chord-extensions  at 55 and 80 percent of 
the  wing  semispan  or a single  10-percent  chord-extension,  which had its 
inboard  location  at 65 percent of the wing sedspan and which  tapered 
to  zero  extension  at 100 percent of the  wing  semispan (dah not  pre- 
sented),  produced only small effects in the  moment  curves  (fig. 4(a) 1. 
Both references 4 and 5 have shown that  leading-edge  chord-extensions 
can  be  used  to  improve  the  stability  characteristics of wings having 
high degrees  of  sweep.  However,  both of these  investigations  were  con- 
ducted on lower-aspect-ratio wings thai  the wing of  the  present  inves- 
tigation.  It  is  believed  that  the  chord-extensions  were  less  effec- 
tive  on  the  wing of this  investigation  because of its  higher  aspect 
ratio. 



EZ'f ect of Boundary-Layer R a m p B  

er rmgs jmproved the stability  at mderate lif't coef- . However,  at  higher  lift  coefficients,  the  ramps 
caused  the  large  unstable  break in the mament curve  to occur 0.1 lift 
coefficient  earlier than for the basic  configuration. 

Effect  of Trailing-Eage Ffaps 

The  effect of partial-spas  trailing-edge  flaps  at a Mach number  of 
0.60 was  primarily a delay of the  large  unstable break to a lift  coef - 
ficient of 0.70 for  the  basic  configuration and to a lift  coefficient 
of 0.80 for  the  configurations with fences  and  leadfng-edge  chord- 
extensions  (fig.  6(a) ). Figure 6(b) shows  that the trailing-edge flaps 
increased  the  linearity  of  the lift curves  for  these  configurations. 

The  devices  investigated  in these tests  have  provided some improve- 
ment in the  stability  of  this 60° swept-wing-indented-body  configura- 
tion  at  moderate  lift  coefficients.  However,  the  large metable break 
at  stall  still  remains a serious  stability  problem. It is believed 
a t  further  improvements  in  stability may be  realized by the use  of 
either  spanwise  slots near the wing  trailing  edge or by a favorable 
location of a tail  surface. 

CONCUTSIOlyS 

Results of an investigation  at  transonic  speeds of the  longitudinal 
stability  characteristics of a twisted  and  canbered 60° swegtback-wing- 
indented-body  configuration with and without various devices  added  to 
the  wing  for  improvement of stability  indicate  the following remarks: 

1. For  the  basic  configuration,  the  variation  of  pitching  mcment 
with lift showed  that  there Ere nonlinearities  in  the  lift-coefficient 
range  of  approximately 0.2 to 0.5 and a large unstable  break in the 
moment  curve  at a lift coefficient of approximtely 0.5 over  the mch' 
nurnber  range  of 0.60 to 1.14. 

2. Fences  located  at 50 and T'j percent of the wing semispan extended 
the  usable  lift-coefficient  range to approximately 0.60 over the  Mach: 
nuuiber  range  of 0.60 to 1.14. 

3. The  leading-edge  chord-extensions t e s t e d  had only small effects 
on  the  longitudinal  stability. 



4. Boundary-layer rwps ( a t  a Mach rimer of 0.60) improved the 
s t ab i l i t y  a t  moderate lift coefficients  but caused the large unstable 
break t o  occur 0.1 l i f t  coefficient earlier than  the  basic  configuration. 

5. Fartial-span-trailing-edge flaps a t  a Mach number of 0.60 delayed 
the  large  unstable break t o  a lift coefficient of 0.7 fo r  the baaic con- 
figuration and t o  a lift coefficient- of 0.8 f o r  the configurations w i t h  
fences and leading-edge  chord-extensions. 

Ungley  Aeronautical  Lsboratory, 
National Advisory Committee for Aeronautics, 

Langley: Field, Va., March 24, 199, 
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Figure 1.- Spanwise d i s t r ibu t ions  of section  thickness  ratio. ,  angle of 
twist; and maxirmun caniber for the basic --body configuration. . 
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Figure 3.- Deta i l s  of;model with fences, leading-edge chord-extensions, 
bouzldary-layer raups, and trailing-edge flaps. Fences, leading-edge 
chord-extensions, and t r a i l i ng -edge  flaps shown on right wing panel; 
boundsry-hyer ramps Beown on left KLng panel. All dinaensiona are  
in. inches unless othenslse specified. 
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(a)  Pitching-moment  coefficient. 

Figure 4.- Variation of pitching-moment  coefficient and angle of attack 
with lift coefficient for the  basic  configuration and the  configurations 
with fences a d  leading-edge chord-extensions. 
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(b) Angle of attack of b e  axis. 

Figure 4.- Condude&. 
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(a) Pitching-moment  coefficient. (b) Angle of attack of body axis. 

Figure 5.- Variation of pitching-moment  coefficient ana angle of attack 
with  lift  coefficient for the configuration w i t h  boundaqr-layer ramps. 
M = 0.60. 
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(a) Pitch.ma-mment  coefficient. 

Figure 6.- Variation of pitching-moment  coefficient  and  angle of attack 
with lift  coefficient for the basic  configuration and the  configurations 
with  fences and leading-edge chord-extensions in combiaaeion with a 
partisl-span  trailing-edge flap. M E 0.60. (Flagged symbols indicate 
configuration  with flaps deflected 45O.) 
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(b) Angle of attack of body axis. 

Figme 6.- Concluaea. 
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